Blacks are at greater risk for lower sleep quality and higher risk for obstructive sleep apnea (OSA) than other racial groups. In this study, we summarize the development of a tailored website including visuals, key messages, and video narratives, to promote awareness about sleep apnea among community-dwelling blacks. We utilized mixed methods, including in-depth interviews, usability-testing procedures, and brief surveys (n = 9, 55% female, 100% black, average age 38.5 years). Themes from the qualitative analysis illuminated varied knowledge regarding OSA symptoms and prevalent self-reported experience with sleep disturbance and OSA symptoms (e.g., snoring). On a scale from 1 (not at all) to 5 (very high), participants provided favorable ratings of website usefulness (mean = 4.9), user friendliness (mean = 4.9) and attractiveness (mean = 4.3). Our findings suggest although tailored health communication has potential for serving as a tool for advancing health equity, usability-testing of health materials is critical to ensure that culturally and linguistically tailored messages are acceptable and actionable in the intended population.
Introduction
Obstructive sleep apnea (OSA) is a sleep disorder characterized by breathing-related disruptions from sleep (Eckert & Malhotra, 2008) . Individuals with OSA are at risk for adverse health outcomes, including elevated risk for cardiovascular disease (CVD) (Strollo & Rogers, 1996) . Unfortunately, black/African-American individuals (hereafter referred to as blacks) are at higher risk for OSA than other racial/ethnic groups (Adenekan et al., 2013; Ertel, Berkman, & Buxton, 2011; Pandey et al., 2013) .
Epidemiological estimates suggest OSA prevalence may be as high as 30% among adult males in the United States (Peppard, Young, Palta, & Skatrud, 2000) . Yet very few individuals at risk for OSA have been diagnosed (Buysse et al., 2008) . OSA is associated with fragmented sleep and excessive daytime sleepiness (Johns, 1993; Kribbs et al., 1993; Slanger et al., 2016) . Particularly concerning, individuals with OSA have both elevated nocturnal sympathetic nervous system activation (Somers, Dyken, Clary, & Abboud, 1995) and early morning blood pressure (Marin et al., 2012; Nieto et al., 2000; Peppard et al., 2000) . OSA has been found to have strong correlations to cardiometabolic risk factors (Eckert & Malhotra, 2008; Strollo & Rogers, 1996) , and individuals with OSA are at high risk for stroke (Yaggi et al., 2005) .
Treatment for OSA most commonly includes behavioral and lifestyle changes as well as use of positive airway pressure (PAP) therapy (Billings et al., 2011; McEvoy et al., 2016) . Adherence to recommended PAP treatment is low among individuals diagnosed with OSA (Punjabi, 2008; Young, Peppard, & Gottlieb, 2002) , but is particularly low among blacks (Ayanian, Cleary, Weissman, & Epstein, 1999; Wallace et al., 2017) . Particularly concerning, compared to other racial/ethnic groups, there is higher prevalence of OSA risk factors among black individuals (e.g., overweight/obese and snoring, Adenekan et al., 2013; Ertel et al., 2011; Pandey et al., 2013) . Low treatment adherence coupled with higher prevalence of OSA risk factors create a need to promote awareness about OSA among blacks (Marin et al., 2012; Nieto et al., 2000; Peppard et al., 2000) .
Online platforms are promising tools for health, as Internet access has increased to over 88% of US adults (Pew Research Center, 2017) . Online and web-based tools, with their rich affordances and capability to deliver personalized information, thus hold the potential to improve population health (Free et al., 2013) . The work was conducted as part of a current NIH-funded study titled the Tailored Approach to Sleep Health Education (TASHE), the aim of which is to develop an online website to promote awareness about OSA among blacks (Williams et al. 2016) .
the current knowledge and attitudes, as well as communication preferences, of the intended population.
In addition to message tailoring, the website featured video narratives that present messages in the form of a story (Green, 2006; Green & Brock, 2002) . Narrative is persuasive because it is a format that is easy to comprehend and immersive, thereby increasing attention to the message and encouraging attitudes and beliefs that are aligned with a health intervention goal (e.g., to promote awareness about OSA, Murphy et al., 2015) . The website also made use of video narratives filmed with individuals who are representative of the intended audience sharing their experience being diagnosed with OSA and using positive airways pressure (PAP) therapy.
Usability testing of the website was conducted using the think aloud approach (Jääskeläinen, 2010; Mankoff et al., 2003) , and procedures were guided by the three-step model offered by Atkin and Freimuth (2012) for health communication. Specifically, messages were identified using "pre-production" research to ascertain beliefs and attitudes among the intended audience (phase 1). Next, the messages and website were "pre-tested" (phase 2) to ensure appropriate cultural and linguistic tailoring, as well as general usability of the technology, in the current study. The insights obtained from the pre-production and pre-testing phases then inform the final stage "planning" stage of the intervention (phase 3, see Figure 1 ). In so doing, the current study sought to address three three research questions:
Research Question 1: What beliefs and attitudes about OSA are common among community-dwelling blacks?
Research Question 2:
What are reactions to the video narrative messages among community-dwelling blacks?
Research Question 3: How do community-dwelling blacks rate the usability of the website?
Methods
We recruited individuals who were representative of the intended user population using newspaper advertisements and posting flyers in the community. Mixed methods, including in-depth interviews and closed-ended surveys, were utilized to enhance the collection of feedback that will ensure optimization of the intervention prior to dissemination (Hawkins, Kreuter, Resnicow, Fishbein, & Dijkstra, 2008; Schmid, Rivers, Latimer, & Salovey, 2008) . In addition, we utilized the think aloud usability testing protocol to collect feedback on the usability of the website (Bastien, Vallières, & Morin, 2001; Jääskeläinen, 2010; Kushniruk, Patel, & Cimino, 1997; Lundgrén-Laine & Salanterä, 2010; Mankoff et al., 2003) . All participants signed a written informed consent form prior to participating in the study. The study was approved by the NYU School of Medicine Institutional Review Board.
identification as black or African-American. In addition, in order to be eligible to participate in the study, individuals needed to be at low to moderate risk for OSA (a response of 4 or greater according to a validated instrument, the Apnea Risk Evaluation System [ARES]; Westbrook et al., 2005) .
Procedures
Once identified as eligible, participants were scheduled into interview slots with the informatics researcher (second author, Y.S.). Participants were first asked questions during an in-depth interview to assess their beliefs and attitudes toward OSA (RQ1). Next, individuals participated in the usability testing procedure, which involved assessing and viewing the TASHE draft website and providing reactions (RQ2) and providing feedback for the dissemination phase (RQ3). Participants were given refreshments during the interview procedure and received $50 for their participation.
In-depth interviews
The focus of the in-depth interviews was to assess sleep health and sleep apnea knowledge and beliefs, along with holistic, qualitative responses and feedback after accessing the TASHE website.
Discussion followed an open-ended protocol (see Appendix). For example, to assess OSA knowledge and beliefs (RQ1), participants were asked "Tell me about your sleep generally, how good would you say your sleep is" and "Do you ever find yourself snoring, or waking up gasping for air?" Participants were asked specifically about their experience and knowledge of sleep apnea, "Do you know what sleep apnea is?" and "Have you or has anyone you know been diagnosed with sleep apnea?" Probes were used where necessary; such as "Tell me more, what are the symptoms of sleep apnea to the best of your knowledge." Participants were also asked for feedback on how best to disseminate the intervention (RQ3).
Usability testing
The usability testing procedures in the current study followed the think aloud approach (Bastien et al., 2001; Jääskeläinen, 2010; Kushniruk et al., 1997; Lundgrén-Laine & Salanterä, 2010; Mankoff et al., 2003) . The think aloud method is a procedure whereby individuals are asked to utilize the tool or intervention. While using the tool, participants are asked to verbally share their reactions and experience aloud with the interviewer (Hawkins et al., 2008; Jääskeläinen, 2010; Schmid et al., 2008) . Participants are given a task to carry out in the system, and instructed to speak aloud as they navigate through the various website pages, read the content, and view the study videos, just mentioning anything that comes to mind, as it happens. Benefits of the think aloud method include capture of the user thoughts and actions in an unbiased manner as they happen. For instance, participants are instructed to vocalize their reactions as they use the website. It also tends to capture more details of the human-computer interaction than retrospective surveying, providing greater insight into usability flaws and the cognitive processes of the user (Jaspers, 2009; Jaspers, Steen, Bos, & Geenen, 2004) .
Brief surveys
Following the think aloud usability testing, participants were asked to mark responses to closed-ended questions about the website. Participants marked answers on a scale from 1 (strongly disagree) to 5 (strongly agree) to questions about the website usefulness ("How useful was the website you just visited?"), usability ("How easy was the website you just visited to use"), and attractiveness ("How attractive, or nice to look at, was the…"). Finally, participants were asked to justify their responses and for their advice for the dissemination phase of the intervention.
Data analysis
Descriptive statistics were computed for all quantitative, closed-ended questionnaire responses. Qualitative data collected from the in-depth interviews and thinkaloud protocol were first transcribed (Charmaz, 2006) . Next, data were analyzed using the constant comparative method to identify common themes within the specific question categories. Themes identified from participant responses were synthesized to identify prominent factors influencing perceptions on sleep health, sleep disorders, and reactions to the various intervention components. Themes identified in in-depth interviews regarding sleep health and sleep disorders as well as those identified in the pretesting phase are reported in the sections below. These were used to inform the final round of edits to the TASHE intervention before the main study was implemented.
Results
All participants were black. Nine adult men and women participated in the usability testing (N = 9). Of the study participants, 55% were female with an average age of 38.5 years and an ARES score of 4 or higher at the time of recruitment (participant mean ARES score = 4.8, s.d. = 0.7), which indicated they were at risk for OSA. Knowledge about OSA ranged widely. Comments from participants demonstrate the had a wide range knowledge and beliefs. One participant demonstrated knowledge of OSA characteristics, "Yeah, or sometimes people just stop breathing, and then usually they wake up, but they might not remember that they woke up. It's difficult. Your throat and everything gets-makes it difficult for you to breathe." However, other participants raised questions in the interviews about OSA suggesting underlying uncertainty. For instance, as one participant asked, "When you-does that mean that-does it-do we have to be sleeping in a certain position for this to happen?"
Beliefs and knowledge by OSA risk and symptoms

Personal experience with sleep disturbance and sleep apnea
Another theme pertained to personal experience with sleep disturbance and OSA. Participants shared personal experiences such as one female participant describing her own snoring, "Oh, sometimes I snore. Not all the time, but he tell me-he be like, 'You was snoring, girl. I tried to wake you up, and you was snoring your butt off.'" In addition, participants indicated sleep disturbance and OSA were common among friends and family. One participant shared a story about her sister who had severe daytime sleepiness that often impaired her driving, "That's my sister. Cause she would be driving and stopping-I don't know, she just go to sleep." These quotes indicate personal experience with sleep disturbance, and also evidence that these difficulties are prevalent among close friends and family members. These quotes also, particularly in the case of sleepiness impairing safe driving, have the potential to be a significant public safety issue.
Reactions to video narratives
Table 2 provides a description of each video-based qualitative reactions provided to the videos after viewing. Video narrative messages were cast, filmed, and edited by a professional videographer hired for this study. There were a total of four video messages depicting black individuals sharing their personal experience with various issues relating to sleep and OSA, such as obtaining an overnight sleep recording, and using PAP treatment.
Video 1: Michael and Debra-This video describes a story of a mixed race couple (the husband, Michael, is black and the wife, Debra, is Latina). Michael shares his experience with loud snoring. In the video the wife shares her frustration, and insists her husband receive treatment. Comments highlighted favorable aspects, including the role of the wife in prompting her husband to seek treatment, as one participant stated, "For what I've seen in black families, it's always the woman [who motivates her husband to change.]" However, another individual indicated disliking the video, citing distaste that the couple was mixed race, and "yeah, the interracial couple is an issue." The participant went on to explain this could be a barrier to the successful adoption of the advice in the video, as mixed race couples are often stigmatized in black culture.
Video 2: Loretta-This narrative features a black woman, Loretta, sharing her experience with severe snoring and daytime sleepiness, diagnosis and treatment of OSA. In this narrative, Loretta also shares her experience having an overnight sleep recording and the support she received from her family for seeking treatment. After viewing this video, one participant stated liking how the video captured the role of the grandmother in the black family, "Most black households are run by the grandmother, even if she doesn't live there. Everything is what her general rule is. If she gets sick, we got a Big Momma thing. If Big Momma gets sick, everybody's gonna lose it." Another participant indicated the video provided an educational moment, "I didn't know that when you falling asleep behind the wheel, green light, red light, whatever, it was a sign of apnea as well. That I didn't know…. I learned something good today." Video 3: Suzanne-This video showcases Suzanne, a black woman, sharing her story of being diagnosed with OSA and her experience with treatment. In the video, you see Suzanne featured in a visit to her doctor. Suzanne shares her positive experience with sleep apnea treatment, and even her recent weight reduction after adhering to her doctor's recommendations. One participant indicated liking the optimistic message about weight loss after PAP treatment, "She did lose weight, she said, 'Well, let me try at least one thing I know I can do differently, which is add a little more activity to your life.' I did find that fascinating with her." Another participant indicated, in seeing the visual of the CPAP device, that it provided inspiration to take precautions to engage in healthy lifestyle practices to reduce OSA risk, "I really am willing to lose the weight because I don't want to wear the mask." Video 4: Ms. Demetrius-In this video, Ms. Demetrius, a black woman, shares her OSA symptoms with her doctor and also comments on her fears about undergoing an overnight sleep recording. In the video, Ms. Demetrius and her physician share the possibilities of at home testing. One participant, who did not know about the at-home sleep test option for OSA, demonstrated her positive evaluation of the message, "You're at home with it and they monitor everything? Wow. That's good. That helps, your test…. That's good you're at home.'" Another participant comment indicated the message sparked interest in seeking an evaluation, "Seeing a sleep specialist." See, that's what I need to do. That's what it's getting me to do, like ASAP. No games." Table 3 outlines participant ratings of the online website, supporting quotations and guidance for dissemination. Participants provided high marks for usefulness of information (mean = 4.9/5.0) and indicated several reasons for their high marks, such as the educational nature of the website: "It's very good. You give a lot of information. I really like it. I was learning a lot from it." One participant indicated they were motivated to make healthier changes, such as seek treatment, after using the website: "I'm really motivated, yes, to do that. This was good. This is an eye opener for me. Yeah, yeah." Another participant mentioned the videos were useful: "Definitely that and like I said, the videos make sure you have different types of people."
Usability testing
Ratings for user friendliness of the TASHE website were high (mean = 4.9/5.0). Participants mentioned the website as easy to navigate: "I liked it. It was smooth. It was easy to operate. It was easy to navigate, cuz I look for that. Navigation is key." Another participant said the information was digestible, not too much, "No, for real because there's a lot websites that really need to-this in itself is like its own-There's a lot of websites that I go on and I'm like, I don't like this website, they're doing too much, you know?" Finally, ratings for attractiveness were moderate to high (mean = 4.3/5). Participants mentioned liking the display of content, as one male participant indicated: "It's very easy to navigate. Everything is laid out really well. It's not too overcrowded with too much information on one page. I like that." Several individuals voiced discomfort about the over emphasis on blacks in the website, as one male indicated, "The only one thing I might probably say is why is it only in African-Americans? Why it is not-a lot of people have problems sleeping as well." This was critical feedback for the production team in the final design stages, and sheds light on the fine line between tailoring and being too pointed in communicating to a particular demographic. These comments also illustrate the need for inclusiveness and generalization in message content and visuals. The production team emphasized diversity in their final design and production stages included more images of diverse individuals (as opposed to just black).
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Discussion
Disparities in OSA risk represent a threat to population health (Ayanian et al., 1999; Duru et al., 2009) . The current study describes the usability testing of an innovative website website designed to promote awareness about OSA among black individuals. The current study included a draft website designed to promote awareness about OSA among blacks that utilized message tailoring principles (Noar, Benac, & Harris, 2007) and video-based narrative storytelling approaches (Zebregs, van den Putte, Neijens, & de Graaf, 2014) . Usability testing procedures described in the current study recruited representative participants from the intended audience to provide open-ended feedback regarding the draft website, and results were used to inform the subsequent website dissemination.
Utilizing in-depth interviews, the think aloud procedure, and brief surveys, we collected reactions to the draft TASHE intervention. The results illuminated several primary themes pertaining to sleep health and message-related reactions among black individuals, including prevalence of OSA symptoms in this population. Participant responses indicated personal experience with OSA, and prevalence of these issues among others in social circles such as friends and extended family members. Participants demonstrated moderate knowledge of OSA, such as snoring and/or paused breathing, as primary symptoms. The results also indicate that questions about symptoms and risk for OSA persist in this population, such as whether there is a connection between body mass or sleeping position as contributing factors to OSA risk.
Participants indicated that they endorsed the video-based narrative stories. Participants liked the video describing the process for OSA treatment and hearing stories about personal experience with snoring and family member support for seeking treatment. Participants also liked learning the connection between weight and sleep apnea that was explained in the video stories.
Overall ratings of the website were favorable and described the website as useful, attractive, and user-friendly. According to the think aloud protocol procedure, participants also provided qualitative assessments to support these positions. The high user ratings for the website on the dimensions of usefulness, attractiveness, and user-friendliness (e.g., 4.9/5.0) also highlights the fact that the extensive formative preparation done by the development team helped ensure the tested product was mostly very good.
Interestingly, several quotes suggest some participants were uncomfortable with the overwhelming focus on black individuals in the website messages and visuals. This finding suggests that too much tailoring of images and visuals to minority communities may jeopardize message persuasive outcomes.
The themes and results of the think aloud testing procedure in the current study results informed final website edits and changes, such as making photos and resources hyperlinked to improve navigation through the website. Overall this study found positive reactions toward the TASHE website from members of the intended audience, which informed final edits on the intervention website prior to dissemination. In addition, the reactions suggest a.
Participant is shown a 2-minute video clip of a person doing a thinkaloud protocol and asked to thinkaloud, even if it feels weird at first i.
Recording starts (with permission)
3. Participant carries out the task a.
Interviewer guides the participant only when a task or area has been attempted and the participant requires help in order to move forward.
b.
Interviewer guides the participant to areas not yet explored.
4.
Participant is shown three short, 3-minute videos about sleep apnea, sleep apnea diagnosis, and sleep apnea treatment, asked by the interviewer:
a.
What did you think about the videos?
b.
What are some of the things you liked about the videos?
c.
What are some of the things you did NOT like about the videos?
5.
Participant is asked to rate the website along the following dimensions a.
On a scale from 1 (strongly disagree) to 5 (strongly agree) would you agree o disagree to the following statements:
i. The website is useful.
ii.
The website is user friendly.
iii.
The website is attractive.
6.
Is there anything else you might suggest we do to improve the website?
7.
Debrief and ask for further questions.
8.
Participant is asked if he/she might want to assist with further exercises or site development, is given incentive, and leaves. Atkin and Freimuth (2012) Results from the qualitative analysis of questions assessing participant knowledge and understanding of sleep, sleep apnea to assess research question 1 (n = 9).
Theme
Supporting quotation
Varied OSA beliefs and knowledge • "Yeah, or sometimes people just stop breathing, and then usually they wake up, but they might not remember that they woke up. It's difficult. Your throat and everything gets-makes it difficult for you to breathe."
• "Yeah, yeah. That can lead to death of course, because if you're not breathing, if you can't breathe, yeah. Does it have anything to do with weight?"
• "When you-does that mean that-does it-do we have to be sleeping in a certain position for this to happen?" Personal experience with sleep disturbance
• "Oh, sometimes I snore. Not all the time, but he tell me-he be like, "You snore sometimes," but I think he said-I think I just snore when I'm really, really, really tired. That's the nights that, when I'm sleeping, he'll be like, "You was snoring, girl. I tried to wake you up, and you was snoring your butt off." He'll tell me that. I'm like, "I was? I don't think I really snore." I know I sometimes snore. Not all the time. • "Ah, okay. When you sleep, okay. I have two friends who I think have been diagnosed with that, yeah. As a matter of fact, one of them, she has to use an oxygen-"
• "That's my sister. Cause she would be driving and stopping-I don't know, she just go to sleep."
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